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LIS F. DELLWIG
L DWIGHT BALDWIN

“leePush Deformation
In Northeastern Kansas

ABSTRACT

Euidence of superficial deformation of both lithified
ad nonhthiied sediments ascribed to ice push is found
* northeastern Kansas.  Folds, fractures. and faults at
"t angles 1o the direction of ice movement are features
camon o ths arca and are dipendent on the com-
xaa of the units involved in the deformation, which
Some ass was controlled by freczing rather than
g wmposition.

These structures indicate two distinct advances of ice,
e trom the northeast and one from the northwest. The
<Iunie to the southeast 1s of Kansan age. This would
MmN 4 Nebraskan age for the southwesterly advance and
-txquenth for the Kansas Tll reference section located
withwest of Atchison.

INTRODUCTION

Superfiial deformation of pre-Pleistocene
bedrock, as well as of glacial debris, is a com-
monly reported phenomenon in areas of Pleisto-
@ne glaciation.  Structures in Kansas resulting
fom ice push were first described by Frye and
Leinard (1952, p. 73). Shortly after the publi-
Gtion of an article by Wood (1959) concerning
delormation in Shawnee County, an effort was
imtiated by the authors to locate and describe
uher areas in northeastern Kansas that had un-
dergone deformation. During the fall of 1962
and the spring of 1963, outcrop areas in Brown,
Doniphan, Jackson, Atchison, Shawnee, Jeffer-
“n. and Leavenworth counties were systemati-
aliy examined for evidence of deformation at-
mbuable 1o Pleistocene glaciation. Structures
were studied to determine the direction of ice
mosement, the condition of the rocks and sedi-
ments during deformation, and the mechanics of
delurmation at the time of the glacial advance
(Fig. 1),

The northeastern counties of Kansas are in
anarea of gently rolling farm land designated as
the “Dissected Till Plains™ (Fenneman, 1938, p.
). a region generally delimited as the area
underlain by Kansas Till.

Northeastern Kansas has generally reached a
submature to mature stage of erosion (Fenne-
man. 1938), and good exposures of bedrock are
“tticult to locate, since the surface consists either

Google
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of a well-developed soil profile or extensive Kan-
sas Till. Gravel pits, limestone quarries, road
cuts, and stream channels provide the best loca-
tions for finding evidence of deformation by ice
push.

PREVIOUS WORK

Previous studies concerned with deformation
of strata by an overriding glacial ice sheet have
dealt mainly with structures in non-lithified or
poorly lithified sediments. One of the best ex-
posures of rocks deformed by ice push was found
at Moens Klint, Denmark, where non-lithified
Cretaceous and Tertiary sediments are complex-
ly folded and faulted (Lyell, 1873, p. 388-395).

In 1894, Geikie (1894, p. 338-340) described
distortion and folding in glacial drift along the
coast of Norfolk, England, and it was he who
first attributed the deformation to glacial ice
movement.

The first mention of deformation of sedimen-
tary rocks by glacial action in North America
was in an article by Sardeson in 1906. He de-
scribed a section near Minneapolis, Minnesota,
where he regarded folding and thrusting of a
limestone to have been accomplished by the force
applied by the overriding Wisconsinan ice shect.
Structures in Kansas resulting from deformation
by ice push have been discussed by Frye and
Leonard (1952, p. 73) and Wood (1959).

GENERAL CONSIDERATIONS

GrLAcIATION IN KaNsas

Only the first two glacial advances of the
Pleistocene, the Nebraskan and the Kansan,
reached as far south as northeastern Kansas.
Differentiation of the till of these two stages is
extremely ditheult, and only through a detailed
analysis of these tills and a study of stratigraphic
relationships can a dchnitive age be ascertained.

The Nebraskan Stage includes all sediments
deposited during the first glacial stage of the
Pleistocene. Sediments of the Nebraskan stage,
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including the David City Formation, Nebraska
Till, and Blanco Formation, are generally less
well exposed than are sediments of the Kansan
Stage.

Evidence of the Aftonian Interglacial Stage
may be found in scattered locations in northeast-
ern Kansas where it consists of decapitated soil
profiles, which are predominantly gumbotil.

The lowest unit representing the Kansan
Stage is the Atchison Formation. It consists of
well-sorted silts, sands, and some gravel, and is
considered to be outwash deposited in proglacial
lakes. The Kansas Till is generally indistin-
guishable from the Nebraska Till.

The Kansan ice sheet reached farther south
than did the Nebraskan. From the southernmost

Kansas Geol. Survey Bull. 175, Pr. 2, 1965

occurrence of Kansas Till, Frye and Leonard .
(1952) determined that the ice sheet “reached
the south side of the Kaw Valley as far west as
the mouth of the Vermillion River. This glacier
extended westward across the valley of Little
Blue River south of the Nebraska state line.”

In Doniphan County, Dort (personal com-
munication) has observed two tills, the older
deeply grooved on its weathered surface and the
younger deposited directly upon it. The grooves,
developed during the advance of the younger
ice sheet (Kansan) over the older weathered till
(Nebraskan), indicate a direction of ice advance
to the southeast.

Schoewe (1941) documented the directions
of ice advance with a list of glacial striae in
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Frerre 1.—Sites of deformation by ice push in northeastern Kansas.
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folding and faulting even of limestone might
take place under such a stress. Mathews and
MacKay (1960) demonstrated that the shear
strength of most sediments exceeds the estimated
shear stress applied by a glacier on its substratum
and that in order for failure to occur an un-
usually high stress must be developed beneath
the ice, the sediments must have an unusually
low shear strength, or unusually high pore pres-
sures must be developed. This deformation, in
contrast to (1), is associated with an active, thick
glacial ice sheet. (3) Deformation can be caused
by the weight of the overlying ice pressing or
squeczing basal till into holes or crevasses in the
ice sheet (Hoppe, 1952). This method of de-
formation would require a near stagnant ice
mass, a condition in which fissures and holes
might remain open for a considerable length of
time and into which highly plastic sub-ice ma-
terial could be squeezed.

DEFORMATION IN
NORTHEASTERN KANSAS

BROWN COUNTY

LocaTion AND ExposURrE

The area of deformation is located in the SE
NE of sec. 28, T 3 S, R 15 E, 10 miles north of
the town of Netawaka on US Highway 75.
Here, on the west wall of an excavation for an
underground Bell Telephone communication
center, the normally horizontal sequence of
limestone and shale was highly deformed. The
hole was 38 feet deep and the north-south-
oriented western face was 86 feet long. The
communication center was under construction
during 1962, and by the end of September the
excavation was filled.

The Neva Limestone Member of the Grenola
Formation (Lower Permian), a sequence of in-
terbedded limestone and shale 11.9 feet thick,
was exposcd in the excavation (Fig. 3). About
27 feet of undifferentiated Pleistocene glacial till,
including a thin soil profile, overlies the Permian
rocks. The till includes particles ranging in size
from clay to boulders 3 feet in diameter. The
till is composed mainly of pink quartzite, schist,
gneiss, and limestone.

Deformation was confined to the southern
four-fifths of the western wall of the excavation
and was observed only in the upper limestone
and shale. The uppermost limestone showed in-
tense fracturing in the areas of folding; the un-
derlying shale unit showed flowage from syn-
clinal into anticlinal structures (Fig. 4). The
lower 2-foot, thin-bedded, argillaccous limestone
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was disturbed only at the southern end of the
wall where deformation was most intense.

STrRUCTURES AND MECHANICS OF DEFORMATION

The superficial nature of the deformation is
indicated by the non-deformation and normal
horizontal position of the lowermost units of the
Neva Limestone.

Glacial striae found on the surface of the
uppermost limestone unit bear S 56° E, approxi-
mately at right angles to the strike of the axial
planes of the “folds.” These folds developed
through fracture of the upper limestone and the .
rotation of these fractured blocks, and not
through flowage.

Along the northern sector of the deformed
area the upper limestone unit had been breached
by shale piercement, with admixing of the shale
and glacial drift. This intimate mixture of shale
and glacial material attests to the glacial origin
of these structures.

The structures are similar to those reported
by Lamerson and Dellwig (1957) in Madison
County, lIowa, although their magnitude is less
than in the latter locality.

Deformation shown in the exposure increased
in intensity from north to south (Fig. 5, 4, B).
To the north, the beds were formed into small
folds with a maximum amplitude of 0.25 foot
and a wave length of approximately 16 feet.
Here, the shale was sufficiently plastic at the

Till

Light gray,
dense limestone

Brown, shaly limestone

Ton shole

Thin-bedded,
argillaceous limestone

Tannish -green shale

Brown, fine -grained
limestone

Ficure 3.—Diagrammatic scction of Neva Limestone
Member  (Grenola Formation) as exposed  at Brown
County locahty.
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